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A cDNA clone, which represents a species of mRNA that IS expressed m growth-stimulated BALB/c-3T3 cells but not m resting cells, was found 
to encode a protem remarkably smnlar m sequence to the members of the lmmunoglobuhn superfamdy, especially to the extracellular portlon of 
the mouse mterleukm 1 receptor The lmmunoglobuhn superfamily 1s beheved to be Involved m cell adhesion and cell-to-cell mteractlon The evl- 
dence that a member of this family IS Induced m the course of the mltlatlon of cell prohferatlon IS mtrlgumg 
Cell cycle, Cell growth, Go/G, transltlon, Immunoglobuhn superfamily, Interleukm 1 receptor 
1. INTRODUCTION 
The signal transduction for the initiation of the cell 
cycle, especially the early responses, has been in- 
vestigated intensively [l-6]. On the other hand, the late 
response that is related to the Go/G1 transition has not 
been studied very extensively [7]. To elucidate the 
mechanisms of the Go/G1 transition, I have been study- 
ing genes which are activated at 10 h after serum 
stimulation of resting BALB/c-3T3 cells. In the 
preceding paper I reported the isolation of a battery of 
growth-specific cDNAs from BALB/c-3T3 cells [8]. 
One of them encoded the P-subunit of integrin which 
plays a significant role in cell-to-cell and cell-to-matrix 
interactions [8,9]. Here I report about another cDNA 
clone (tentatively named ST2) which encodes a protein 
highly similar in sequence to the members of the im- 
munoglobulin superfamily, especially to the ex- 
tracellular portion of the mouse ILl-R. 
system was from Amersham [cu-32P]dCTP (speclflc actlvlty, about 
3000 Wmmol) was from New England Nuclear 
The total cytoplasmic RNAs and poly(A) RNAs were prepared 
from BALB/c-3T3 cells as described [8] Northern blotting was per- 
formed usmg glyoxal, and dlmethylsulfoxlde [lo] Probes for 
Northern hybrldlzation were labeled with [cu-‘*P]dCTP by the 
multIprIme labeling method [ 111 Hybrldlzatlon was carried out at 
42°C and the filter (Zeta probe, Bio Rad) was washed at SO”C m 
0 1 x SSC, 0.1% SDS solution [lo]. For nucleotlde sequence analysis, 
cDNA was subcloned into the pUC 19 plasmld. Usmg exonuclease III 
and Mung bean nuclease, plasmlds contammg Inserts of various 
lengths were obtamed [12], thereafter the nucleotlde sequence was 
determmed by the chain termmatlon DNA sequencing method 
[13,14] Local homology search m translated protem sequence was 
performed usmg the IDEAS (Integrated Database and Extended 
Analysis System for Nucleic Acids and Proteins) program [15-171 
3. RESULTS AND DISCUSSION 
2. MATERIALS AND METHODS 
BALB/c-3T3 cells (clone A31) were provided by Dr C Stdes 
(Harvard Medlcal School) Poly(A) RNAs from various tissues of 
CD-l (lo-week-old) mice were purchased from Clontech 
Laboratones, Inc Exonuclease III, Mung bean nuclease and pUC 19 
plasmld were from Takara Shuzo A multIprime DNA labeling 
Correspondence address. S Tommaga, Okmaka Memorial Institute 
for Medical Research, 2-2-2 Toranomon, Mmato-ku, Tokyo 105, 
Japan 
Abbrevruaons. ILl-R, mterleukm 1 receptor, poly(A), polyadenyhc 
acid, dCTP, deoxycytldme 5’-tnphosphate 
The nucleotlde sequence(s) presented here has (have) been submltted 
to the EMBL/GenBank database under the accession number no 
YO7519 
As reported previously [8], 7 clones screened from 
6.5 x lo5 plaques of the h gtl0 cDNA library showed 
remarkable differences in intensity of Northern 
hybridization when poly(A) RNAs from resting, 
growth-stimulated, or continuously growing cells were 
compared. One of them had been determined to be the 
P-subunit of integrin. Subsequently, another clone 
(clone 87) was examined by Northern hybridization 
(fig.1). The appearance of mRNA was almost all or 
none between the resting (Q) and growth-stimulated (S) 
state (fig.la). And moderate appearance of the mRNA 
in the continuously growing (G) state suggested that 
this gene is probably expressed in the Gr phase. The 
mRNA appeared as early as 2 h but the peak m the 
distribution of this mRNA among the total cellular 
RNAs was 10 h after serum addition (fig.lb), just 
before the initiation of DNA synthesis [18,19]. Cor- 
responding mRNA in various tissues of mouse was 
below detectable level even after intensified exposure 
(fig.2). This also indicates that the expression is not 
constitutive but growth specific. 
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Fig. 1, Growth specific appearance of ST2 mRNA . (a) Total cellular 
tion was performed as in (a). 
RNAs were extracted from quiescent BALWc-3TJ cells (Q), cells at 
10 h after serum stimulation (S), or continuously growing cells (G) as 
described [S]. RNAs (S c(g) were loaded on a 1.1% agarose gel for 
Northern btotting. ~omp~eme~tar~ DNA fragment of clone 87 was 
excised from the A gtlO phage and labeied with fn-32P]dCTP. 
~ybrid~~tion was carried out as described in section 2. The arrow 
and the open arrowhead correspond to the positions of 285 and f8S 
ribosomaf RNA, respectively. (b) Total cellular RNAs were extracted 
at the indicated hours after serum stimulation. Northern hybridiza- 
Next, using a cDNA fragment of clone 87, the 
original cDNA library was rescreened and clone ST2 
containing a 2.7 kb insert was obtained. Since the size 
of this mRNA was about 2.7 kb in Northern blot, ST2 
cDNA was nearly full length. The entire nucleotide 
sequence was determine and shown in fig.?. This 
eDNA had an open reading frame of 337 amino acids. 
There were three candidates for initiating methionine 
residues at positions 1,7 and 19, According to Kozak’s 
rule, the second ATG codon seems to be the best can- 
didate for initiation site 1201. However, it is difficult to 
exclude the possibility that the upstream ATG codon is 
also functional. For simplicity, the most upstream 
methionine residue was assumed as the translation 
initiation site. There were nine potential N-linked 
glycosylation sites. Computer searches of the March 
1989 edition of GenBank revealed that this putative 
ST2 protein had signi~cant similarity to the protein 
related to the immunoglobulin superf~ily, including 
mouse neural cell adhesion molecule (percent match of 
22.7%), mouse basement membrane proteoglycan 
(19.0%‘0), HLA-6-2 ~20.8~0), constant region of secreted 
form of chicken IgM heavy chain (16.5%). The highest 
similarity was found to be with mouse ILl-R (percent 
match of 25.1%). Detailed comparison between the 
ST2 protein and ILI-R revealed that ST2 protein was 
similar to the extracellular portion of the ILl-R 
(hatched area in fig.4A) and that it did not have a cor- 
responding transmembrane (dotted area in fig.4A) or 
cytoplasmic domain 1211. Three loops could be con- 
structed as in the case of the ILI-R and the amino acids 
Fig.2, Absence of ST2 mRNA in various tissues of mouse, 
RNAs (1 fig) from various tissues of CI)-I mouse and quiescent (Q) 
or serum-stimulated (S) BALBfc-3T3 ceHs were loaded on an agarose 
positions of 28s and 18s ribosomat RNA, respectively. 
gel and processed for Northern bybrid~~at~ou as in fig. I, The biot was 
exposed overrdght with (iower panel) or without (upper panel) inten- 
sifying screen. The arrow and the open arrowhead correspond to the 
2 residues upstream of cysteine at the N-termini of 
immuno~obulin-like domains (arrows in fig.4B) were 
valine, isoleucine, and isoleucine, all of which matched 
with the consensus amino acid residues [22]. Also, 
amino acids 2 residues upstream of cysteine at the 
C-termini of immun~~obul~n-like domains (ar- 
rowheads in fig,4B) were all tyrosine, which again mat- 
ched with the consensus residue, fn conchision, this 
putative protein of growth-specific cDNA is also a 
member of the immunogiobulin superfamily. 
The immunoglobulin superfamily is one of the key 
groups not only in immunity but also in the mediation 
of cell surface recognition to control the behavior of 
cells in various tissues [22]. The unique properties of 
ST2 protein among the members of the immuno- 
globulin superfamily are lack of transmembrane 
domain and its gosh-specific expression. It is in- 
triguing to speculate that the protein is possibly 
secreted as a signal molecule and has something to do 
with the growth signal tr~sdu~tion. It is also possible, 
in this respect, that ST2 protein is one of the members 
of the growth-specific secreted proteins which had been 
reported earlier [23]. 
Further investigation of the native product using 
antibodies to synthetic polypeptides are in progress to 
understand the localization and the function of ST2 
protein. 
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GCAGAAATGAGA 
CGAAGGAGCGCCAAGTAGCCTCACGGCTCTGAGCTTATTCTCTCCAGCCCTTCATCTGGGTATCTACAGTGATTTCTCTTCTGGACCCTAC 
~~CAGAGAGCACTTGTCAACCGCCTAGTGARCACA~ACCATTACTATCCTGTGCCATTGCCATAGAGAGACCTCAGCCATCAATCACTAGCAC 
ATG ATT GAC AGA CAG AGA ATG GGA CTT TGG GCT TTG GCA ATT CTG RCA CTT CCC ATG TAT TTG ACA GTT 69 
Met Ile Asp Arg Gln Arg Met Gly Leu Trp Ala Leu Ala Ile Leu Thr Leu Pro Net Tyr Leu Thr Val 23 
ACG GAG GGC AGT AAA TCG TCC TGG GGT CTG GAA AAT GAG GCT TTA ATT GTG AGA TGC CCC CAA AGA GGA 
Thr Glu Gly Ser Lys Ser Ser Trp Gly Leu Glu Asn Glu Ala Leu Ile Val Arg Cys Pro Gln Arg Gly 
6 cl 
CGC TCG ACT TAT CCT GTG GAA TGG TAT TAC TCA GAT ACA AAT GAA AGT ATT CCT ACT CAA AAA AGA AAT 
Arg Ser Thr Tyr Pro Val Glu Trp Tyr Tyr Ser Asp Thr Asn Glu Ser Ile Pro Thr Gin Lys Arg Asn 
A 
138 
46 
207 
69 
CGG ATC TTT GTC TCA AGA GAT CGT CTG RAG TTT CTA CCA GCC AGA GTG GAA GAC TCT GGG ATT TAT GCT 276 
Arg Ile Phe Val Ser Arg Asp Arg Leu Lys Phe Leu Pro Ala Arg Val Glu Asp Ser Gly Ile Tyr Ala 92 
TGT GTT ATC AGA AGC CCC AAC TTG AAT AAG ACT GGA TAC TTG RAT GTC ACC ATA CAT AAA AAG CCG CCA 
n 
Cys Val Ile Arg Ser Pro Asn Leu Am Lys Thr Gly Tyr Leu Am Val Thr Ile His Lys Lys Pro Pro 
A A 
AGC TGC AAT ATC CCT GAT TAT TTG ATG TAC TCG ACA GTA CGT GGA TCA GAT AAA AAT TTC AAG ATA ACG 
Ser Cys Asn Ile Pro Asp Tyr Leu Met Tyr Ser Thr Val Arg Gly Ser Asp Lys Asn Phe Lys Ile Thr 
TGT CCA ACA ATT GAC CTG TAT AAT TGG ACA GCA CCT GTT CAG TGG TTT AAG AAC TGC AAA GCT CTC CAA 
17 Cys Pro Thr Ile Asp Leu Tyr AZ Trp Thr Ala Pro Val Gln Trp Phe Lys Asn Cys Lys Ala Leu Gln 
GAG CCA AGG TTC AGG GCA CRC AGG TCC TAC TTG TTC ATT GAC AAC GTG ACT CAT GAT GAT GAA GGT GAC 
Glu Pro Arg Phe Arg Ala Hxs Arg Ser Tyr Leu Phe Ile Asp Asn Val Thr Hrs Asp Asp Glu Gly Asp 
A 
CAA TTC ACA CAC GCG GAG ART GGA ACC AAC TAC ATC GTG ACG GCC ACC AGA TCA TTC ACA 
Gln Phe Thr HIS Ala Glu Asn Gly Thr ASR Tyr Ile Val Thr Ala Thr Arg Ser Phe Thr 
A 
3d5 
115 
414 
138 
483 
161 
552 
184 
621 
207 
690 
230 
759 
253 
828 
276 
897 
299 
966 
322 
1041 
337 
1132 
1223 
1314 
1405 
1496 
1587 
1678 
1769 
1860 
1951 
2042 
2133 
2224 
2315 
2406 
2452 
GTT GAA GAA AAA GGC TTT TCT ATG TTT CCA GTA ATT ACA AAT CCT CCA TAC AAC CAC ACA ATG GAA GTG 
Val Glu Glu Lys Gly Phe Ser Net Phe Pro Val Ile Thr Am Pro Pro Tyr Asn His Thr Met Glu Val 
Cl 
A 
GAA ATA GGA AAA CCA GCA AGT ATT GCC TGT TCA GCT TGC TTT GGC AAA GGC TCT CAC TTC TTG GCT GAT 
Glu Ile Gly Lys Pro Ala Ser Ile Ala Cys Ser Ala Cys Phe Gly Lys Gly Ser His Phe Leu Ala Asp 
GTC CTG TGG CAG ATT ARC AAA ACA GTA GTT GGA AAT TTT GGT GAA GCA AGA ATT CAA GAA GAG GAA GGT 
Val Leu Trp Gln Xle A? Lys Thr Val Val Gly Asn Phe Gly Glu Ala Arg Ile Gin Glu Glu Glu Gly 
CGA AAT GAA AGT TCC AGC AAT GAC ATG GAT TGT TTA ACC TCA GTG TTA AGG ATA ACT GGT GTG ACA GAA 
Arg Asn Glu Ser Ser Ser Asn Asp Met Asp Cys Leu Thr Ser Val Leu Arg Ile Thr Gly Val Thr Glu 
A 
AAG GAC CTG TCC CTG GAA TAT GAC TGT CTG GCC CTG AAC CTT CAT GGC ATG ATA AGE CAC ACC ATA AGG 
rl 
LYS ASP Leu Ser LeU Glu Tyr ASP Cys Leu Ala Leu Asn Leu His Gly Met Ile Arq His Thr Ile Arg 
CTG AGA AGG AAA CAA CCA AGT AAG GAG TGT CCC TCA CAC ATT GCT TGA ATAAATTGGCTGAATCAGCTGTGCACT 
Leu Arg Arg Lys Gln Pro Ses Lys Glu Cys Pro Ser His Ile Ala End 
GCATCCGTTTTCTCCGAGGACTGTGTGTTGTAGCTn;GTCGTGT 
TeTTCTCACGTTGAGGRRGCTCCTTA~TCTGGTCTTTCCAGAATG~~GTCTTCCAACAGGAATCTCTGTCATTGTATCCTTCCC~C 
TCTGTGTCCCCTCCTCCTTGTTCTCCCGGCAGTCCTCCCCATCTCCTCACffCC~TAATGTGTTCTTGACCCC~T~CTCTTTTCCTTC 
TCTCTGAGCTCCTTCTCACCCAATAGTGGCTTTTGCAGTCATCCTTTGTACCGACTACAAGGGACATTGGTATTGGTAGTGGGTTCAGAGC 
AGTAATAACTCTGCTGTGTCTCTTTGTATAACCTTGTCATGGAAAACAACTTACAAACTTTCATTCTGAGCAGTTATTAATTCCCTTGCTT 
GGTCCTTGGGTTGACAGGTGCAGCCATCATGATAGATAGATGACCAACCTGATCCGATTTTAAAAGAGTAAACATCTTTTTTACCCTTATC 
ACTCTCTTATGATACTGACCACTGCCTTACTGGCAATACAACTAATATGAAAACATTTTTAATTTCTTTCAAATATCAAGAGGGCATGGGA 
GGGAGAGAGACACTAACTCTAAGATCATAGC~TATGTGGGGCATTTATTTGGATG~TATATTGATTAAAAGGGTAGGGTGGAGGTACCT 
ATTAGATTCAGTCATFCPGTGTCTCTGC~~GAAGTGGTATTTGGGATTTTTGTTGATTCTGTTTGTCTTCTTTTGTTTGTT~TA~ATAG 
~cTA~CTGcccTTGTACTCCTAGAGTCACCTGTcTTTGCcTccAGTTAcTGGGACTAAAGCTATGTGTCACCTTACTGAGCCAGGGTG 
TTTCTTGTT~GGTTTTGATTTTAGAGCCTCTGGCTTGTAACATTTTTATAAAACAGAATTTTGATTCCTAGGTGGCCAGAGTTGTGACTC 
ATAGAGGGATITTTGTGCTGTTGTGATCAGTGAG~TCTTGGGGATCTGCCCCTGATAATGGTGTTACTCCGGGTGACTGTGGACCACAGCA 
CN;TGTTCCCAGATGGTGGTGGTCACTGCACATTCTGCAGGAAAAGAGAATCCAAACCCCTATTCTCACCCAGT~GACCTTGATTCCACA 
ATGCCTTCCTCTGTAACAGGATCTTTTGTCTAGATTTCTGAGTGTA~~AGTTCACG~GTATTAG~TTATATT~AATCAGT~T 
TTTGTATTTGTT T~TTTGTGTGTGATTTCTTTG~TTCCAGTTTATT~TAATTCACTTGTTG~~A~CAAATCAATGTGTTCATAC~T 
~AACAACACAGCGTATTAAATAAAATTCGTGTCTATTGTCTTG 
-183 
-92 
-1 
Rg 3 Complementary DNA sequence and deduced ammo acid sequence of ST2 The nucleotlde sequence of ST2 cDNA was determined as 
described m sectlon 2 The putative signal peptlde cleavage site 1s designated by an arrow [24]. The poly(A) slgnal IS underlined The potential 
sites for N-linked glycosylatlon are shown by arrowheads The cysteme residues Involved m the formation of immunoglobulm-hke domam are 
boxed 
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ILI-R 128 
ILl-R 187 
Fig 4 Comparison between the ST2 protein and ILl-R (A) The regions of high similarity are shown by the hatched area Triangles are the poten- 
teal sites for N-linked glycosylatlon Disulfide bridges mvolved m the formatlon of lmmunoglobuhn-hke domains are shown by the broken hnes 
The dotted area of ILl-R corresponds to the transmembrane domam. Numbers m the figure represent ammo acid residue numbers (B) Boxed 
areas are the portlons of high slmllarlty * represents the identical ammo acid residues represents lmllar ammo acid residues accordmg to 
Dayhoff’s mutation data [25]. The N-terminus and C-terminus of each lmmunoglobuhn-hke domam are indicated by the arrow and arrowhead, 
respectively 
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